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A method of firing a green cordierite-ceramic honeycomb structural body containing a carbonaceous 
material, for example, an organic binder, comprising a two phase process. The first phase comprises 
firing the green honeycomb structural body in a firing atmosphere to a temperature and for a time 
sufficient to initiate and sufficiently achieve release of the carbonaceous material v/hile introducing into the 
firing atmosphere a fluorine-free low-oxygen gas comprising less than about 20 % 02, by volume. Once 
the carbonaceous material is sufficiently released, the second phase involves conventionally firing the 
green body for a time and a temperature sufficient to initiate and sufficiently achieve the conversion of the 
green ceramic honeycomb structural body into a fired honeycomb body. 
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* NOTICES * 

JPO and NCXPI are not responsible for any 
deunages caused by the use of tbls tramslation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] In the approach of creating a ceramic honeycomb structure object : Process which blends the 
batch mixture which consists of a raw material which can sinter the fixed amount which can build a baking 
ceramic honeycomb; 

Process which mixes said raw material with the carbonaceous ingredient of an effective dose uniformly in 
order to form plasticity mixture; 

Process which fabricates said raw material on a raw honeycomb structure base, £ind subsequently dries said 
raw honeycomb structure base; 

Process which has the temperature and time amount which are sufficient for starting emission of said 
carbonaceous ingredient and fully attaining, introducing into a firing environments the hypoxia gas which 
does not contain the fluorine which makes it the volume and contains 02 [ fewer than about 20% ], and 
calcinates said raw honeycomb structure voxel ground in said firing environments; 
****** — the approach characterized by things. 

[Claim 2] The approach according to claim 1 characterized by combining said batch mixture with other raw 
materials including the mixture of the kaolin clay and talc with which each is contained in an amoimt 
effective in this batch, an alumina, and other cordierite formation ingredients, and being able to build the 
baking honeycomb object whose main crystal phase is cordierite. 

[Claim 3] The approach according to claim 1 characterized by including further the process which calcinates 
said raw ceramic honeycomb structure voxel ground with the time amount and temperature which are 
sufficient for starting the inversion to the baking honeycomb object of said raw ceramic honeycomb 
structure voxel ground, and fully attaining. 

[Claim 4] The approach according to claim 1 characterized by for the hypoxia gas which does not contain 
said fluorine making it the volume, and containing 02 [ fewer than about 18% ]. 

[Claim 5] The approach according to claim 2 characterized by said carbonaceous ingredient containing the 
hydrocarbon ingredient of the liquid which has volatilization temperature lower thein about 600 degrees C, 
decomposition temperature, or evaporation temperature, or a solid-state. 

[Claim 6] The approach according to claim 5 characterized by said carbonaceous ingredient containing a 
macromolecule binder. 

[Claim 7] The approach according to claim 5 characterized by said carbonaceous ingredient containing a 
hydrocarbon oil or a wax binder. 

[Claim 8] The approach according to claim 1 characterized by said carbonaceous ingredient containing 
graphite. 

[Claim 9] The approach according to claim 1 characterized by the hypoxia gas which does not contain said 
fluorine introduced containing about 95% of nitrogen at least. 

[Claim 10] The approach according to claim 1 characterized by the hypoxia gas which does not contain said 
fluorine introduced containing about 97.5% of nitrogen at least. 

[Claim 1 1 ] The approach according to claim 1 characterized by introducing the hypoxia gas which does not 
contain said fluorine at a rate from which the firing environments which contains 02 [ fewer than about 
1 2% ] during said carbonaceous ingredient emission period is acquired. 

[Claim 1 2] The approach according to claim 1 characterized by introducing the hypoxia gas which does not 
contain said fluorine at a rate from which the firing environments which contains 02 [ fewer than about 
1 0% ] during said carbonaceous ingredient emission period is acquired. 

[Claim 13] The approach according to claim 1 characterized by for said process which introduces into said 
firing environments the hypoxia gas which does not contain the fluorine which makes it the volume and 
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contains 02 [ fewer than about 20% ] to include the process which removes any products of combustion 
containing said emitted carbonaceous ingredient, processes said products of combustion with the afterburner 
which also bums any imperfect reactions or the unreacted carbonaceous ingredient in said products of 
combustion, reintroduces said processed products of combustion into said firing environments, and returns 
it. 

[Claim 1 4] The raw material which can sinter the existing quantum which can be used as a baking 
honeycomb object is included including the carbonaceous ingredient of a certain amount. In the approach of 
calcinating the raw ceramic honeycomb structure voxel ground : Introducing into a firing environments the 

hypoxia gas which does not contain the fluorine which makes it.the volume and.contains_02 [ fewer_tiian„ 

about 20% ] The approach characterized by including the process which calcinates said raw honeycomb 
structure voxel ground in said firing environments with the temperature and time amount which are 
sufficient for starting emission of said carbonaceous ingredient and attaining enough. 

[Claim 1 5] The approach according to claim 14 characterized by for the hypoxia gas which does not contain 
said fluorine making it the volume, and containing 02 [ fewer than about 18% ]. 

[Claim 16] The approach according to claim 14 characterized by combining with other raw materials the 
raw material in which said sintering is possible including the mixture of the kaolin clay and talc with which 
each is contained in an effective amount, an alumina, and other cordierite formation ingredients, and being 
able to build the baking honeycomb object whose main crystal phase is cordierite! 

[Claim 17] The approach according to claim 14 characterized by including the process further heated with 
the time amount and temperature which are sufficient for starting the inversion to the baking honeycomb 
object of said raw ceramic honeycomb structure voxel ground, and fully attaining. 

[Claim 18] The approach according to claim 14 characterized by said carbonaceous ingredient containing 
the hydrocarbon ingredient of the liquid which has volatilization temperature lower than about 600 degrees 
C, decomposition temperature, or evaporation temperature, or a solid-state. 

[Claim 1 9] The approach according to claim 1 8 characterized by said carbonaceous ingredient containing a 
macromolecule binder. 

[Claim 20] The approach according to claim 1 8 characterized by said carbonaceous ingredient containing a 
hydrocarbon oil or a wax binder. 

[Claim 21] The approach according to claim 14 characterized by said carbonaceous ingredient containing 
graphite. 

[Claim 22] The approach according to claim 14 characterized by the hypoxia gas which does not contain 
said fluorine containing about 95% of nitrogen at least. 

[Claim 23] The approach according to claim 14 characterized by the hypoxia g£is which does not contain 
said fluorine containing about 97.5% of nitrogen at least. 

[Claim 24] It is the approach according to claim 14 characterized by introducing the hypoxia gas which does 
not contain said fluorine at a rate fi"om which the firing environments containing 02 [ fewer than 12% ] is 
acquired at least during said carbonaceous ingredient emission period. 

[Claim 25] It is the approach according to claim 14 characterized by introducing the hypoxia gas which does 
not contain said fluorine at a rate fi-om which the firing environments containing 02 [ fewer than about 
1 0% ] is acquired at least during said carbonaceous ingredient emission period. 

[Claim 26] The approach according to claim 14 characterized by for said process which introduces into said 
firing environments the hypoxia gas which does not contain the fluorine which makes it the volume and 
contains 02 [ fewer than about 20% ] to include the process which removes any products of combustion 
containing said emitted carbonaceous ingredient, processes said products of combustion with the afterbumer 
which also bums any imperfect reactions or the unreacted carbonaceous ingredient in said products of 
combustion, reintroduces said processed products of combustion into said firing environments, and returns 
it. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

This application asserts the U.S. temporary patent application 60th / preferentialism of No. 067 or 154 by 
Dull etc. which is entitled "the baking approach of a ceramic honeycomb object" and for which it applied on 
December 2, 1997. 
[0002] 

This invention relates to the baking approach of the cellular ceramic object from the batch which contains 
the problem organic substance so much in more detail about the baking approach of a cellular ceramic 
object. 
[0003] 

Background of invention The ceramic product of a honeycomb configuration thru/or a ceramic honeycomb 
structure object, i.e., a cellular mold ceramic object A raw ceramic base is created by mixing with the 
various carbonaceous ingredients containing the extrusion assistant and shaping assistant for forming the 
batch plasticized by the water list in the ceramic ingredient. This green ware was fabricated on the ceramic 
base of a honeycomb configuration by the extrusion of a plasticization batch, and it has been built by finally 
calcinating this honeycomb configuration ceramic base at fixed temperature in a firing fimiace. 
[0004] 

An organic binder, a plasticizer, and lubricant, such as methyl cellulose, a carboxymethyl cellulose, 
polyvinyl alcohol, and stearin acid alkali, are especially contained in the extrusion assistant and shaping 
assistant which are used for the above-mentioned baking of a honeycomb structure object. Furthermore, the 
carbonaceous ingredient of others like graphite has been included in the batch as a pore formation agent. 
[0005] 

It is known that it is the oxidation, i.e., exothermic reaction, whose emission of a carbonaceous ingredient or 
disassembly of a carbonaceous ingredient emits a lot of heat. Exothermic reaction is started at first, the 
surface, i.e., the lateral part, of mold goods, and the lateral part of a ceramic object produces an initial 
temperature gradient with temperature higher than a core. Then, the exothermic reaction of a surface, i.e., a 
lateral part, ends, and an exothermic reaction field goes to the interior of wear, and dies. Since it has the 
cellular structure which a common base consists of ceramic material which is a good insulator, for example, 
cordierite, and contains many channels, it is not easy to remove heat from a ceramic object efficiently by 
either conduction or the convection current. Since surface area is quite large and the reaction of 02 in the 
firing environments of a binder is furthermore promoted for cellular structure, the effect of the above- 
mentioned intemal generation of heat gets worse further. Consequently, a ceramic object has forward or a 
negative temperature difference during carbonaceous ingredient emission, or [ namely, / that the core 
temperature of a ceramic object becomes higher than the ceramic temperature a front face and/or near the 
front face ] — or it becomes low. With carbonaceous ingredients, such as an organic binder, if it starts in a 
1 00-600-degree C temperature requirement and the raw ceramic base contains graphite, a remarkable 
temperature gradient will arise between the inside of mold goods, and an outside by the above-mentioned 
exothermic reaction started in a 500-1000-degree C temperature requirement. The stress which may make 
mold goods produce a crack according to this temperature gradient in mold goods occurs on a ceramic 
object. This phenomenon is remarkable at especially the mold goods containing large-sized cellular ceramic 
mold goods or a lot of organic materials. 
[0006] 

The technique for controlling and inhibiting generating and growth of a crack which are produced as a result 
of [ its ] the above-mentioned temperature gradient is known well. One of such the techniques includes 
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producing the flame which lowers the temperature of bvimer flame by the combustion burner, using air 
superfluously, and makes the temperature gradient of a product small, accompanying, and making a wear 
heating rate late.* However; very superfluous air raises the organic substance contained in ****, and the 
oxygen which reacts to the ratio which is not desirable, therefore accelerates emission, and strengthens 
internal exothermic reaction. Therefore, minimization of the temperature gradient generated during organic 
substance emission must be attained by the baking schedule which time amount requires very much, or the 
baking schedule carefully fitted in the specific wear in kiln again. 
[0007] 

- Generally use of the ambient atmosphere control in the periodic kiln for affecting carbonaceousnngredient — 
emission is known. For example, refer to U.S. Pat. No. 4,404,166 (WICHI Junior (Wiech, Jr.)), No. 
4,474,731, No. 4,661,315, and No. 4,927,577 for OOTAKA (Ohtaka) etc. (WICHI Junior etc.). 
(BURAUNRO (Brownlow) etc.) Although it was shown that it is effective in using the approach of these 
patents with periodic kiln enough, since remarkable atmospheric air (20.9% of oxygen) flows into a firing 
environments, generally by the tunnel kiln, it is thought that it is not effective. 
[0008] 

It was indicated as an approach use of the pulse baking technique as a substitute of proportionality baking 
also controls and controls a temperature gradient in periodic kiln. Pulse baking lowers a heating rate, 
without using only elevated-temperature baking bumer output condition and low-temperature baking bumer 
output condition, and using the excess air (oxygen) of a considerable amoimt. For example, please refer to 
the European Patent application No. 0709638 which is indicating the approach of calcinating a ceramic 
Plastic solid using the fiimace which has the bumer which performs a high power baking condition and a 
low-power output baking condition by turns. Although use of this baking technique is effective to some 
extent at periodic kiln and reduction of generating of a crack was obtained, in using this pulse baking 
technique for a tunnel kiln, there is a difficulty. It is necessary to control the atmospheric-air penetration to 
the organic substance emission area of kiln by the option for the patency of a tunnel kiln, 
[0009] 

Therefore, the purpose of this invention is [ for using it for baking of a ceramic honeycomb structure object 
also in any of a tunnel kiln and periodic kiln ] quality, and is to solve the problem of the conventional 
technique mentioned above by offering the approach of having been improved which secures stable 
production of a product without a crack. 
[0010] 

Outline of invention It is in the purpose of this invention offering the process for creating and calcinating a 
ceramic honeycomb structure object of there being more few cracks, and there being no uneven pore, or 
enabling it to manufacture the ceramic honeycomb structure object whose dimension is not uneven for a 
short time, by eliminating an above-mentioned problem and calcinating uniformly the inside part and lateral 
part of the raw honeycomb structure voxel ground. 
[0011] 

The description of this method of calcinating the raw ceramic honeycomb structure voxel ground containing 
the organic substance, i.e., a carbonaceous ingredient, is an improved carbonaceous ingredient emission 
process. This process includes calcinating the raw honeycomb structure voxel ground in a firing 
environments with the temperature and time amount which are sufficient for starting emission of a 
carbonaceous ingredient and fully attaining, introducing including [ the fluorine containing oxygen fewer 
than about 20% ] gas into a firing environments, if a carbonaceous ingredient will fully be emitted, with the 
time amount and temperature which are sufficient for starting the inversion to the baking honeycomb object 
of the raw ceramic honeycomb structure voxel ground further, and fully attaining, a base can be boiled as 
usual and can be calcinated. 
[0012] 

As for said gas, it is desirable that the nitrogen introduced at a rate from which 02 which exists in a firing 
environments becomes an amount smaller than about 12% is included, and it is still more desirable that 02 
becomes a small amount from about 1 0%. 
[0013] 

the result permuted in the above-mentioned process by the hypoxia gas by which high 02 ambient 
atmosphere does not contain a fluorine in a baking process — a raw ceramic — since the temperature gradient 
between the surface of the ground and a core becomes small, little [ far ] baking ceramic object is 
manufactured for heat deformation and crack initiation. 
[0014] 
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Detailed description This invention precedes sintering. As a result of emission of the included carbonaceous 
ingredient, calcinating a ceramic object with sufficient temperature and time amount attaining substantially 
emission of the carbonaceous ingredient in the inside of the hypoxia firing environments by installation of 
the gas which does not contain the fluorine which makes it the volume and contains 02 [ fewer than about 
20% ] Any harmful effects offer the efficient approach of manufacturing the baking honeycomb ceramic 
structure, without giving substantially. 
[0015] 

This invention may be influenced [ harmful ] by carbonaceous ingredient emission, and can apply it to any 
ceramic ingredients which should not be exposed to-the ambient atmosphere-which contains oxygen in the 
large quantity between this emission. Although there are cordierite and an alumina content ceramic in a 
typical ceramic ingredient, it is not limited to these. 
[0016] 

This invention is henceforth explained about a cordierite content ceramic honeycomb material. However, as 

mentioned above, don't think that this invention is limited to a cordierite ceramic ingredient. 

[0017] 

The raw material for ceramic batches useful to manufacture of the cordierite ceramic honeycomb structure 
object created according to this invention can be chosen from any suitable raw materials. The raw material 
which produces high grade clay, talc, a silica, an alumina, an aluminum hydroxide, and a magnesia (MgO) is 
conventionally used for the above-mentioned ceramic, and it can use also for this invention enough. 
[0018] 

Batch ingredients desirable to use by commercial production of an extrusion-molding super-low expansion 
cordierite ceramic object are clay, talc, and an alumina, and, generally this clay consists of tabular kaolinite 
clay instead of deposition nature. The raw-material batch which can build a tabular kaolin with pretreating 
deposition kaolinite clay, or contains clay may be processed so that a crystal deposit may be crushed by the 
scutellum. 
[0019] 

A dry batch is prepared and making it, preforming, i.e., the green ware, suitable for the inversion to the 
cordierite by baking, can be attained by all of much known techniques. It can be made the form of 
preforming only by mixing with the suitable organic substance and pressing a batch according to the 
porosity of a request of a cordierite product, or you may fabricate by hot pressing. 
[0020] 

A desirable shaping technique is extrusion to commercial production of a cordierite ceramic product with a 
thin wall like a plate or a ceramic honeycomb. The batch mixture suitable for extrusion molding can be 
created from a dry batch by mixing a batch with a suitable liquid vehicle. This vehicle may be a water list 
from the carbonaceous extrusion assistant required to give sufficient reinforcement to prevent breaking, 
before the green ware after a plastic moldability and shaping calcinating in batch. Or an extrusion assistant 
is also mixable with a ceramic batch ingredient. 
[0021] 

The hydrocarbon ingredient of a liquid with the evaporation, oxidation, or decomposition temperature lower 
than about 600 degrees C which usually contains methyl cellulose, a carboxymethyl cellulose, polyvinyl 
alcohol, stearin acid alkali, wheat flour, a starch paste, a glycerol, and an organic binder like a wax, or a 
solid-state is contained in a carbonaceous extrusion assistant. Since plasticity is high enough, this kind that 
generally contains 20 - 35% of water of batch can fabricate preforming thinner than Inim easily by 
extrusion very small [ a wall dimension ]. This plasticization batch can be fabricated simple also with rolling 
or a press again, and subsequently, the components rolled out or pressed are used as it is, or are assembled 
by the complicated configuration by baking before. 
[0022] 

Furthermore, although batch mixture contains the graphite and cherry **** suitable for using as a pore 
formation agent, a wood chip, a sawdust, and starch, it can also contain in these the other carbonaceous 
ingredients which are not limited. 
[0023] 

Generally the conventional baking approach used in order to convert a plasticization batch, i.e., a raw 
ceramic base, into a cordierite content ceramic product, as mentioned above produces the temperature 
gradient between the interior, the outside surface, i.e., the surface, by exoergic emission, i.e., a core. 
Emission of this organic substance, i.e., a carbonaceous ingredient, is for about 100-600 degrees C about the 
above-mentioned organic binder, and is started among about 500-1000 degrees C about ingredients, such as 
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the above-mentioned graphite, the stress to which the heat generated in the periphery section, i.e., a surface, 
can still exceed the reinforcement of mold goods — being generated — enough ~ coming out — being certain 
--****-- although it can say and stripping is carried out comparatively easily, since stripping of the heat 
generated with the core of a ceramic object is not carried out for the insulation of cellular structure and a 
cordierite ceramic object, it is much more troublesome. Drawing 1 shows typical surface / core temperature 
distribution of the conventional baking cordierite ceramic honeycomb object which is not desirable. The 
temperature gradient of drawing is the magnitude from which it is easy to produce not only a baking crack 
but heat reason deformation on the created baking object, and it becomes it. It seems that flie above- 
mentioned- phenomenon becomes strongs so that the amount and classes of ingredient; such as an organic- 
binder used in order to maintain the structural integrity of a cellular object further, so that the cell wall of a 
cellular object becomes thin, and, so that a eel consistency becomes high, and graphite, increase. 
[0024] 

It is obtain in 2 phase baking process that the raw honeycomb structure voxel groxmd is calcinate in a firing 
environments with the temperature and time amount which are sufficient for a cordierite ceramic product 
without a desired crack start emission of a carbonaceous ingredient, introduce into the carbonaceous - 
ingredient emission field of a fiimace the gas which does not contain the fluorine which contains 02 [ fewer 
than about 20% ] first, and fully attain if the approach of this invention is follow. Generally emission of a 
carbonaceous ingredient, for example, a binder, is started among about 1 00-600 degrees C depending on the 
class of organic binder, and, on the other hand, generally, graphite is removed among about 500-1000 
degrees C. Therefore, in the above-mentioned carbonaceous ingredient emission phase, according to 
whether generally the graphite of an amount with a ceramic object is included, it is higher than the 1st 
aforementioned temperature requirement, or it is required to heat to the 1st temperature higher than the 2nd 
temperature requirement. 
[0025] 

It is thought that the installation to the furnace ambient atmosphere of the hypoxia gas which does not 
contain the fluorine under carbonaceous ingredient emission mitigates the crack initiation of a baking 
cordierite ceramic according to the following phenomena although bound [ plan ] to the theory. Crack 
mitigation is essentially based on control of the exothermic reaction generally started as a result of 
carbonaceous ingredient emission. This exothermic reaction control decreases a temperature gradient, and 
the thermal stress this temperature- gradient reduction starts a ceramic product fiarther is reduced, or [ that 
the above-mentioned effectiveness is permuted by the hypoxia gas by which 02 in a firing environments 
does not contain a fluorine about the view of the temperature-gradient reduction following exothermic- 
reaction control and this ] — or it dilutes and it theorizes are based on reduction of that 02 amount which can 
be used for a reaction with the organic substance which therefore exists in the ceramic inside of the body is 
decreasing, i.e., exothermic reaction, and generating of C+02 ->CO+ heat. 
[0026] 

Drawing 2 is the simple plan showing the gestalt of operation of a part of tunnel kiln for performing the 
baking process according to this invention. In the gestalt of this operation, a tunnel kiln 1 0 includes the 
carbonaceous ingredient emission field 12 which has a sintering (not shown in drawing) field down-stream, 
i.e., an emission field, and the plenum chamber field 14 of the upstream of an emission field. An emission 
field covers an about 1 00-600-degree C carbonaceous ingredient emission temperature requirement. 
Extending according to the class of ceramic ingredient calcinated by the tunnel kiln can also contract the 
temperature requirement of an emission field. For example, the temperature requirement of an emission field 
can be extended about the ceramic ingredient which also contains graphite in addition to an organic binder 
(to 1000 degrees C). 
[0027] 

It leads as effectively [ the ** gas network of a tunnel kiln ] as at least one impregnation section to which 
each of a conduit tube leads including the ** gas conduit tubes 16, 18, 20, 22, and 24 of the lot which die 
length differed, respectively and was piped independently, respectively effective in the interior of the 
carbonaceous ingredient emission field 12 of a tunnel kiln. By minding the impregnation section combined 
with the above-mentioned conduit tube and each conduit tube, hypoxia gas can be introduced into the firing 
environments of an emission field so that the amount of oxygen of a carbonaceous ingredient emission field 
may be decreased. The location of the following [ in / in the impregnation section which leads to the interior 
of kiln / the interior of a tunnel kiln especially an emission field, and an emission field ]: It is designed so 
that it may be well-informed about one or these combination of the head linings 30A and SOB of bottom of 
combustion bumer 26 and kiln truck 28, and kiln, and the kiln side attachment wall 32. Furthermore, a ** 
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gas network includes the impregnation port 36 allotted to the conduit tube 34 and the plenum chamber field 
14. Refer [ rather than ] to the U.S. temporary patent application 60th which is contained in this 
specification as reference and which was transferred to the coincidence of copending application / No. 067 
or 61 5 for detailed explanation about this tunnel kiln, a ** gas network, and induction. 

[0028] 

The hypoxia gas which does not contain a fluorine is poured into an emission field during carbonaceous 
ingredient emission through any one or those combination of the above-mentioned insufflation port where 
all are experientially set to be effective and/or the most efficient. 

[0029] . . ^ _ _ , 

In one of the gestalten of operation, installation of the hypoxia gas which does not contain the fluorine 
through the combustion bumer section 26 is attained by the installation to the combustion-air fan for bumers 
allotted to the carbonaceous ingredient emission field. By introducing low 02 gas into the bumer arranged 
on the emission field through the inlet port of the blower which supplies a combustion air, the oxygen 
content of the combustion air supplied can be fi*eely prepared now. The gas with few oxygen contents is 
introduced into a nozzle mixing bumer on sufficient level to maintain stable bumer actuation (by 02 low 
concentration of 1 6%). 
[0030] 

The gestalt of the 2nd operation includes the thing which introduce the combustion bumer section02 by 26 
and for which air with few [ independently ] 02 contents is introduced with a combustion air. It is used in 
order for a combustion air, i.e., the primary air, to maintain a stoichiometric fuel / excess air ratio. 
Independently of a combustion process, from a combustion bumer, although the gas with few 02 contents 
which are additional air, i.e., the secondary air, on the other hand is a lower stream of a river a little, it is 
introduced near it. In other words, the conventional atmospheric air to which gas with few oxygen contents 
is supplied by the fan is permuted, or it is mixed with it. 
[0031] 

As a result which permutes the excess air with many oxygen contents used conventionally [ ] by 
installation of gas with few oxygen contents to the above-mentioned combustion bumer by gas with few 
oxygen contents also in the gestalt of which operation " — cold" ~ while acquiring two advantages of the 
high-speed maintenance which contributes to generation of a generation [ of flame temperature ]; and a 
burner with big (2) volume 'products of combustion', i.e., good temperature distribution, — a bumer - 
common - ** and others or **** — things are made. In other words, each above-mentioned advantage 
contributes to lowering the oxygen level of a combustion ambient atmosphere greatly, without [ without it 
throws away the advantage of lower bumer flame temperature, and ] introducing superfluous oxygen into a 
carbonaceous ingredient emission field. Furthermore, the homogeneous improvement of combustion 
temperature is also obtained. 
[0032] 

Installation of the hypoxia gas which does not contain the fluorine to the space formed between the kiln 
truck through bottom of track 28 and the base of a furnace raises the pressure of this space, and, therefore, 
suppresses penetration of the "atmospheric air" (20.9% of oxygen densities) to the combustion ambient 
atmosphere of kiln to the minimum. That is, the gas installation to the bottom space of a truck "pressurizes" 
this space substantially, and, therefore, restricts conventionally the amount of the atmospheric-air oxygen 
drawn in this space of negative pressure. This has a desirable burner by the fact that make products of 
combustion and this product is emitting the carbonaceous ingredient of the shape of the shape of a particle, 
and a gas. The part as which the effectiveness of the gas installation through the track lower part is regarded 
by the conventional baking approach and the tunnel kiln is an improvement of the condition that the bottom 
field of a track generally shows negative pressure by suction of a kiln exhaust air system. Then, intake of the 
atmospheric air, i.e., air with many oxygen contents, to which these negative pressure surrounds the bottom 
field of kiln and a track is caused, and, therefore, atmospheric gas with many oxygen contents is made to 
advance considerably into kiln. Especially the atmospheric air drawn in kiln (20.9% of oxygen is contained) 
has remarkable effect on a kiln ambient atmosphere. The ambient atmosphere of the hyperoxia is usually 
(12% is surpassed) conventionally given to the kiln of a design very much, and the baking environment 
which is easy to build the wear into which the crack therefore went in start batch with many organic matter 
contents is produced. 
[0033] 

About the above-mentioned installation under a track, it must care about that the volume of gas required "to 
pressurize" this space by minimization of decreasing [ the abundance of oxygen ]; and the bottom space of 
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(2) cars is reduced, so that the volume of the gas sent into the following bottom space of principle:(l) truck 

is large. 

[0034] 

each installation of gas with few oxygen contents through the head-lining ports 3 OA and 3 OB or the side- 
attachment-wall port 32 dilutes or permutes the firing environments which was mainly rich in oxygen — as - 
- ******. This effectiveness is very small although there is some pressure buildup in some pressure effect, 
i.e., emission field. Being [ namely, ] in the inlet port of an emission field, the head-lining impregnation port 
of the plenum chamber field 14 allotted immediately down-stream plays the role of a duplex which lowers 
-the oxygen content of a-firing-environments-by-dilution- and which is called **** 

curtain" at the inlet port of the emission field instead of********** like. The final result is being able to 
give important versatility, when preparing firing-environments distribution so that the minimum oxygen 
level in the field to which the oxygen level in each of the area where a head-lining port's operates can be 
changed also for the "hypoxia gas" installation in which head-lining port, and the carbonaceous volatile 
matter of a peak is emitted may be maintained. 
[0035] 

The installation of gas with few [ usually ] 02 pressurized contents to the plenum chamber field space of 
negative pressure according to the approach of this invention "pressurizes" this space substantially, and 
restricts substantially the amount of atmospheric-air (0220.9%) oxygen therefore drawn in the plenum 
chamber space of negative pressure. This is the effectiveness mentioned above about the bottom space of a 
truck, and the same effectiveness. The dilution effect by gas installation produces the result which 
compounds with the pressure effect of installation and lowers considerably the oxygen abimdance in a 
down-stream emission field. This part of the continuation kiln of a design usually has negative pressure by 
suction of the exhaust air system of kiln conventionally as well as the bottom space of a truck mentioned 
above. Although the "closure" of the plenum chamber field is not completely carried out by installation of 
gas with few 02 concentration contents, the above-mentioned pressurization is effective in suppressing 
leakage penetration enough, and if it combines with "hypoxia gas" sending fi-om another introductory port, 
the oxygen level within a firing environments conventionally reduced as compared with the kiln of a design 
will be obtained. 
[0036] 

As for the gas which does not contain the fluorine introduced into the firing environments of an organic 
substance emission field, it is desirable that it is what makes it the volume and contains 02 [ fewer than 
about 20% ], and it is still more desirable that there is less 02 than about 1 8%. You may consist of the 
source of hypoxia gas which does not contain a fluorine sucking out carrying out recycling of the products 
of combustion, and only returning it to an emission field, i.e., products of combustion, cooling, and 
reintroducing and returning to a carbonaceous ingredient emission field in the gestalt of this operation. Or 
the source of external products of combustion, i.e., a products-of-combustion generator, is used for 
generation of products of combustion, and this products of combustion can also be continuously introduced 
into an emission field, 
[0037] 

In the gestalt of desirable operation, the gas which does not contain a fluorine includes the products of 
combustion which is the following, makes, is generated and is reintroduced into kiln. It is known that kiln 
contains volatilization and/or an imperfect reaction carbonaceous ingredient in the products of combustion 
of kiln, i.e., exhaust air, with an unreacted ingredient. The products of combustion (POC) containing these 
emitted volatilization and/or imperfect reactions thru/or unreacted carbonaceous ingredients is removed 
fi*om kiln through the ****** gas duct network which leads to an emission field effectually. 
[0038] 

When drawing 3 is referred to here, recjurrence / ** gas network which can reintroduce and return kiln, a 
****** gas duct network, and POC to the emission field of kiln are shown simple. Especially POC is the 
following, and a supplied air is made, generated and carried out. POC or exhaust air containing the emitted 
volatilization and/or imperfect reaction thru/or unreacted carbonaceous ingredient is generated in the 
carbonaceous ingredient emission field 40 of kiln, it goes into the exhaust air gas duct network 42, and 
exhaust gas is processed with the afl:erburaer 44 with which any imperfect reactions or the unreacted 
carbonaceous ingredient which remains into exhaust gas also bums. Subsequently the processed exhaust 
gas / POC is returned to the carbonaceous ingredient emission field of kiln through recurrence / ** gas 
network 46. The heat exchange machine 48 which cools POC/exhaust gas to the temperature suitable for the 
resending mind to the emission field 40 of kiln is contained in this recurrence / ** gas network 46. It is 
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•POC, therefore in order to control the temperature and the amount of 02 by which a supplied air is finally 
carried out to kiln, the air bleeders 52 and 54 by whom each is used are contained in bypass piping 50 list at 
recurrence / ** gas network 46. The means of others for changing the oxygen level in POC returned and 
introduced into kiln is made to increase the following :(1) afterburner combustion airs (up to excess 
0250%). N2 of the amount in means; and (2) afterbumer combustion air which produce POC with many 02 
contents finally introduced into the organic substeince emission field of kiln is included, and a means to 
reduce 02 level reintroduced into the emission field of kiln is included. Finally, the supplied air of 
POC/exhaust air can be carried out to the emission field of kiln through the above-mentioned ** gas 
-network7and it can become either the itiain source of supply of the hypoxia concentration gas which does 
not contain a fluorine, or an auxiliary source of supply. 
[0039] 

As for the hypoxia gas which does not contain a fluorine, it is desirable fliat about 95% of nitrogen is 
included at least. In the gestalt of this operation, a nitrogen source includes the source of the compressed air 
passed through the diaphragm which removes the oxygen of an initial complement, and other impurities so 
that the gas containing 95% of required and desirable nitrogen may be built. The gestalt of another operation 
of a nitrogen source contains a liquefaction compression nitrogen gas network. 
[0040] 

the source of hypoxia gas which does not contain the fluorine used ~ not being concemed — some 
carbonaceous ingredients — it is necessary to introduce gas between emission at a rate fi-om which the firing 
environments in an emission field which makes it the volume and contains 02 [ fewer than about 12% ] and 
desirable 02 [ fewer than about 1 0% ] is acquired 
[0041] 

after the above-mentioned initial carbonaceous ingredient emission baking phase, further, with the time 
amount and temperature which are sufficient for starting inversion of the raw ceramic honeycomb structure 
voxel ground to the baking honeycomb object whose main crystal phase is cordierite, and fblly attaining, a 
raw ceramic base is boiled as usual and calcinated. When a ceramic ingredient consists of a cordierite 
content ceramic, generally the temperature of the range of 1340-1450 degrees C is suitable for the above- 
mentioned purpose. 
[0042] 

He can understand this invention still better by referring to the following detailed examples which only 

meant explaining the approach desirable now for carrying out this invention. 

[0043] 

Example One example conducted the separate baking experiment of three examples which is a contrast 
baking experiment. Two sorts of ceramic batches, the batch 1 , and batch 2 suitable for manufacture of a 
cordierite content ceramic object were created. These two sorts of batches consist of clay-talc-alumina 
batches containing the carbonaceous ingredient, the binder, the plasticizer, and lubricant of a certain amount 
as usual which are easy to finish with the result which shows the crack initiation ratio which is understood 
that it generally causes a problem by the standard tunnel kiln calcinating method, namely, cannot be 
admitted to a component (inorganic substance) list by wear manufacture, respectively. In a batch 1, on the 
other hand, a batch 2 contains 91.8% of inorganic substance, and 8.9% of organic substance including 
90.3% of inorganic substance, and 9.7% of organic substance. Each % is weight % here. Each of two sorts 
of said batches was fully mixed about each baking experiment, and the homogeneity batch was formed. 
[0044] 

Each batch was separately created fi-om the dry batch ingredient. After adding the water of about 31% of 
amount of total batch weight to a dry batch, the obtained wet batch was mixed by the Littleford (Littleford) 
mixer over sufficient time amount to obtain a homogeneous batch. Cell wall object thickness carried out 
extrusion molding of each of a mixed batch to the 4 mils (about 0. 1 02mm) honeycomb base in the diameter 
of 4.16 inches (about 105.7nmi), die length of 4.5 inches (about 1 14.3mm), and 600 eel / square inch (about 
93 eels / cm2). 
[0045] 

The separate baking experiment of three examples and the baking experiments 1 -3 were conducted. 
Installation of the gas which was rich in the nitrogen to a carbonaceous ingredient emission field ambient 
atmosphere was included in the baking experiments 1 and 2. In the baking experiment 3 for contrast, gas 
installation to a carbonaceous ingredient release field was not performed, namely, it considered as the 
standard hyperoxia firing environments. Table I divides kiln into the area with a number of 1 5, in order to 
have a discussion easy (refer to drawing 2 ), and it shows the amount of installation of the gas which was 
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rich in the nitrogen in the baking experiments 1 and 2 (the cubic- feet unit (cfli) and cube metric unit (m3/h) 
per hour). The controlled atmosphere which was rich in the introduced nitrogen is gas containing 97.0% of 
nitrogen, It generated through atmospheric air to the diaphragm type oxygen eliminator. The introductory 
gas which was rich in nitrogen was supplied to areas 6-12 through the easy nozzle allotted to; and (4) head 
Hnings in the area 5 through the head-lining nozzle allotted to;(3) crown (crown) fan in areas 2 and 3 
through the nozzle allotted to the plenum chamber under;(2) truck through the easy nozzle allotted to :(1) 
plenum chamber of kiln. 
[0046] 
[Table 1] 

m I 





•miT^mm 1: 




mmmf^ 2: 




(cfh) 


(m^Vh) 


(cfh) 


(mVh) 


mm 


10,000 


283.2 


10,000 


283.2 




0 


0 


5.000 


141.6 


^^-mt 5 


4,000 


113.3 


4.000 


113.8 




2,000 


56.6 


2.000 


56. 6 




2.000 


5G.G 


2.000 


56.6 




2.000 


5«.(> 


2.000 


56.6 




2.000 


50). G 


2.000 


56.6 


X^-^m 10 


2.000 


SG.G 


2.000 


56.6 


x^-m^ 11 


2,000 


56.6 


2.000 


56.6 


x^-^m 12 


2.000 


56.6 


2,000 


56.6 



In each of a baking experiment of three examples, 90 raw honeycomb bases of a batch 1 and 90 raw 
honeycomb bases of a batch 2 were placed on the base material according to individual, and it put on the 
kiln truck with a sufficient number to fill a kiln truck of "dummy" wear objects. In each baking experiment, 
kiln was passed for the wear put on 6-10 sets of kiln trucks at fixed spacing. The baking cycle was made to 
be received for every one truck in each baking experiment, carrying out the monitor of the temperature 
change fi*om the exposure oxygen content related to wear quality, and lajdng temperature. 
[0047] 

Each baking object of the kiln truck which carried out the monitor of the rate of crack reduction in 
comparison with the level seen by the conventional baking (experiment 3) was inspected visually and 
checked. Table II shows the wear [ the experiment 3 / each / of two sorts of baking experiments ] crack 
reduction ratio according to this invention. If the result of Table II is seen, with the baking ceramic 
honeycomb object which created all in the baking experiments 1 and 2 which have taken in installation of 
the controlled atmosphere which was rich in the nitrogen to a carbonaceous ingredient emission field, the 
ratio of the baking ceramic honeycomb object containing a crack is quite low clearly. 
[0048] 
[Table 2] 

m\i 





^ ^ -v ^ 








mf&mm #2 


1 


85% 


88% 


/N'^yf^ 2 


99% : 


78% 



It is thought that reduction of the ratio of the ceramic object into which crack mitigation, i.e., a crack, went 
as mentioned above is based on control of the exothermic reaction probably produced generally in 
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carbonaceous ingredient emission. As for the kiln truck which carried the inspected wear about each of the 
baking experiments 1-3, the monitor of the scale of the temperature change from laying temperature, i.e., 
calorific value, was carried out. Table III shows the temperature change of each truck when each kiln truck 
has passed through the areas 3-5 (refer to draw ing 2 about the location of an area) which are the principal 
pieces of an emission field in each of three sorts of experiments. The temperature measured in each area is 
crown temperature (Tl), left wall temperature (T2), and right wall temperature (T3). 
[0049] 
[Table 3] 

^111 





mfT^mm #i 


[mm 


1^ #2 


^mmm #3 




CO 


T, 








T2 




T, 


T2 




3 


146 








110 


168 


145 


273 


241 


266 


4 


200 








172 


221 


178 


288 


260 


275 


5 


249 1 


243 


253 


246 


249 


249 


235 


285 


265 


255 



If Table III is seen, it is clear that the above-mentioned exothermic reaction control is starting. That is, 
although the temperature of the areas 3-5 of the baking experiment 3 is quite high and generating of the 
substantial exothermic reaction in this contrast baking experiment is therefore shown, the temperature 
measured in areas 3-5 to the baking (gas which was rich in nitrogen was introduced into emission field) 
experiments 1 and 2 remains comparatively near the laying temperature. Drawing 4 compares the 
temperature change from the laying temperature in the baking experiments 2 and 3, and shows the above- 
mentioned effectiveness still more clearly. 
[0050] 

As explained in full detail in the top, 02 in a firing environments theorizes the view of the temperature- 
gradient reduction following the above-mentioned exothermic reaction control and this by this example as a 
result permuted or diluted with the hypoxia gas which is nitrogen, and which does not contain a fluorine. 
Table IV shows the average percentage of the oxygen which exists in each of a carbonaceous ingredient 
emission area (1-10) at each period of a baking experiment of three examples. Such oxygen level expresses 
the oxygen content which existed when the inspected wear passed through areas 1-10. If Table IV is seen, it 
is clear that the oxygen content is decreasing through the emission areas 1-10 compared with the standard 
baking experiment 3 in the baking experiment of two examples which incorporated installation of the 
controlled atmosphere which was rich in nitrogen. That is, it is shown that 02 amount which can use the 
emission field firing environments of the baking experiments 1 and 2 for a reaction with the organic 
substance which should be removed is decreasing. The above-mentioned oxygen decrease effectiveness of 
nitrogen installation is shown still more clearly by drawing 5 [ the oxygen content of the baking experiment 
3 / oxygen content / of the baking experiments 1 and 2 ]. 
[0051] 
[Table 4] 
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8.4 


15.0 
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11.1 


15.8 


11 


12.6 


12.0 


15.0 


13 


13.8 


13.8 


14.2 


15 


12.8 
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13.2 



In the above-mentioned example required in order to start exothermic reaction depressor effect effectually, 
the concentration of the hypoxia gas which does not contain the fluorine which is nitrogen will change to tiie 
dimension of a presentation and a ceramic object and the configuration, the wear load, and the list according 
to the factor of the cell wall object dimension which a ceramic object has and the number of eels, and many 
further include for a kiln configuration and the baking schedule use. Therefore, the hypoxia gas 
concentration which does not contain the fluorine required of a firing environments required to start 
exothermic reaction depressor effect must be experientially defined about each ceramic / kiln system. 
[0052] 

By introducing the hypoxia gas which does not contain a fluorine to a carbonaceous ingredient emission 
field according to shaping of the ceramic honeycomb structure object of this invention, and a baking 
process, the oxygen content of an emission field is reduced and generating of the exothermic reaction 
therefore followed on emission of a carbonaceous ingredient generally is controlled so that clearly from the 
above-mentioned explanation. That is, the ceramic honeycomb structure object fabricated and calcinated 
according to this invention shows the temperature gradient between the inside part of the ceramic object 
which fits far manufacture of the baking ceramic structure without heat deformation and a temperature 
reason crack, and a lateral part. 
[Brief Description of the Drawings] 
[Drawing 1] 

It is the graph which shows the temperature gradient between the core of the ceramic honeycomb structure 
object which is fabricated by the conventional baking approach and calcinated, and a surface. [Drawing 2] 
It is the schematic drawing showing the tunnel kiln equipment which can be been [ equipment / it ] suitable 
and used for the operation of a process which calcinates the ceramic honeycomb structure object according 
to this invention. [Drawing 3] 

In order to calcinate the ceramic honeycomb structure object according to this invention, it is the schematic 
drawing of exhaust air gas duct SHITEMU for using for a process. [Drawing 4] 
It is the graph which compares exothermic reaction by that of the exothermic reaction produced by 
carbonaceous ingredient emission of the process of this invention for calcinating a ceramic honeycomb 
structure object, and a standard baking process. [ Drawing 5] 

It is the graph which mesisures the oxygen density under carbonaceous ingredient emission of the process of 
this invention for calcinating a ceramic honeycomb structure object, and the oxygen density in a standard 

baking process. [Description of Notations] 

10 Tunnel Kiln 12 Carbonaceous Ingredient Emission Field 14 Plenum Chamber Field 16, 18, 20, 22, 24 ** 
Gas Conduit Tube 26 Combustion Burner 40 Organic Substance Emission Field 44 Afterburner 46 Heat 
Exchange Machine 
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[Drawing 2] 
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[Drawing 3] 
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